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SUMMARY

Calculations for a tynical helicopter indicate thet
incorporation of a small emount of susercherging should
substantielly incresess its take-off thrust snd uvssful load
for a wide range of eirport altitudes and s=ir temperstures.

INTRODUSCTION

Az in the case of the airplane, the helicopter can
cruise at powers well below trose required for safe tske-
off in moderate or low-wind conditions. It has been sug-
gested, therefore, that the failurse of helicopter and
helicopter engine desigmners to tsike au7antmwe of thse
temporsry increeses in wower mede pessible by modern
engine develoocments in superchargers and high-octene fuels

rc
may be limiting the usefulness of tiie nelicopter. As 2
first step in exenining the corrsctness of tiis suggestion
a bri‘f theoreticel study wes made of the Increeses in
take-off thrust tast would be msde -ossible st different
times of the year in verious pecrts of the country by
incorporation of o smell smount of supercharging in a
tyrical heliconter The results of this study are given
in ths present pa»

”r .
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SYMBOLS

For convenience the svmbols used iIn the analysis are
defined in the following list:

bhp breke horsepower

ihp indicated horsepower

shp supercharger horsepower

fhp friction horsepower

Pm manifold pressure, inches of mercury

Po atmesvheric pressure, inches of mercury

Ap pressure drop from inlet to menifold (or to super-

charger entrance for sunsrcharged engine), inches
of mercury

rg pressure racio across supercherger

r cylinder compression rstio

o free-alr density ratio

Wa charge oir flow, pounds per second

Tin dry manifold temperature, CF absolute

To free-air temveraturs, °F absolute

AT temversture rise across supercharger, OF
4 supercharger adiasbatic efficiency

J 775 foot-nounds per Btu

cp specific heat of eir at constant pressure (=0.2l)
¥ specific heat ratio for air (=1.40)

Ne numoer of cylinders

D¢ cylinder dismeter, inches
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\N

S viston stroke, inches
N encine speed, rpm
. ; _ . T

Crn rotor thrust coefficient = =5

L TR=p (2¢R)

o

Cr rotor torgue coeflicient = ~ 5

- T3/ (GR)
T rotor thrust, vounds
2 rotor torque, nound-feet
Q rotor speed, redians ner second
R rotor radius, feet
0 ree-alr density, slugs ner foot?
8 blede element nrofile-drag coefficient
a blarde element engle of attaclz, radisns

EETEOD OF ATALYSIS

Performance of unsunercharged enzine.- A tynicsl
unsugercha 5;;5—q711uoater 6n;lF was ~clected This engzine
was assumed to have the folWow1ng characteristics st its
rated power for continuous full-throttle operstion under

standsrd sesa-level conditions.

N 7
De 1.375 inches
S .25 inches
r 6.0
N 2100 rom
o 28,7 inches of mesrcury (Ap = (29.92 - 28.7)
= 1.22 inches cof mercury)

ihp 260
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fho = 15 x 10~ -0 g (DCSN)2 = 20 (reference 1)

"

bhp = ihp -~ fhp = 180

The brake horsepower delivered by this engine at full
throttle st 2100 rum over a2 rengs of temperstures from
-hoo to ]20o F and e renge ol pressure altitudes from O

to 6000 fest wes calculsted on tie assumption that

. p 0. =R
ihp Qﬁ(ﬂn —2 Tq Jeo0 (references
1 and 2)

2
A Vig 5 (ihp)2
D < —.C (e 3

Performancs of =
then assunted to be fi
gear-driven supercharg

narcharged engine.- The engine was
C
DL
sufficient to give 220 ind
t
=3

cd leﬁ 52 fin.lis-stage stigle-speed
smed f'or a pressurs ratio

2d horgepower at 2100 rpm
throttls on & stasndsrd day.
L

&

joF
(o

at 2600 fset Qltltudu o

aoxiwan nermeocczible indliceted
norsepower reprosentg sn incrseaze of l— nercent cver thet
for continucus onerstion at standerd sca-level corditions.
This veluc was selected after study of s nunmber of super-
chierged enrines indicated thet temoorsry incresses in
indicated meen e¢ffzctive pressure permitted for military
or take-off overstion renged from 10 to 20 percent. It
glso corresnonds tc the indicated horssvwower of the
wsunercnarged engine in full-throttle onerstion at ses
level st & tempersture of -55° F.

Under thz desien conditions thé presssure ratilo
required wes 1.3 which, with an assumed adisbetic efficiency
of 75 rercent, corrsso onds to & temoperature rise across
ths suporchorp@r of 53 7 end a menifold pressurc of
3%.2 inches of mercury.

The power cdelivered by the sulercharged engins at
full throttle over the range of =ltitudes end tempersaturses
was then cslculated on the assumptions thet

bhp = ihp - fho - shp

D -0.58
P 0 .
1ap Q:(?m - ji)Tm

|




MR No. I5¢C12b 5

. 5.[-
A od J
rg = (1 +n—)¥"+ = (1 + 0.7 23
T T
o} o}
(1} 2
hp
Ly o lﬁ‘—
fhp = 20
WaJcpAT

shp =

550

7 7 \, -
0.030 ihp when W, = 6.0 * ihp

2600

"

It was assumed thet the throttle would be used to
prevent the 1ndlcatnd horsepower from exceeding the
selected maximm ﬂ@?hlSSﬂole value of 230.

Performence of rotor.- The hsliconter rotor was assumed
to have the IOllOWlD» cheractericstics, which sre appropriate
for & machine hsving 2 gross weight of eoproximetely
2500 pounds:

R, feet . . . . . . . . o o 00000 oL ... .19
4, Tedius per second . . 4 4w . 4 e e . .. . . 2%.58
Solidity . ¢ ¢ v v v v i e i e e e e e e e e .. D.05
Blade plen form . . . . . . Constant chord =nd incidence
Cdg * = » o & + & & « o 4w e e e e e e w . . 0.0l + D.2a2

The relestlon between rotor ststic thrust snd torque
coefficients wes derived from firure 1% of reference % and
is rlotted in figure 1. For convenience in the computations
the expression

{ .
Cm = 0.00235 \1o*ﬁ\ - 0.7§>3'709
- R
was substituted for the curve. The curve m2y be considered
to repressnt the hovering performence of current rotors
with febric-covered blades.
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The rotor thrust weas cslculated for both the super-
charged snd unsunercharged conditions over the range of
a]tltuﬂes and temperatures, on the sssumption that 80 ner=
cent of the engine brake horsepower was delivered to the
rctor.

RESULTS AND DISCUS3IION

The calculested values cof =ugine breke horsewcwer for
the two conditione are ore aent°' in figure 2. The increase
in static thrust rusulthQ from the incresased brake horse-

power of the superchsrged ensine is shown in filgure 3.

It is evident thst the taxe-off thrust incressss made
possible bv supercharging are large in rslstion to the
nrobsable weirht of the sunerchargsr, narticularly when
overation is to be from alirrorts above s2a level =t
modzrate or summer tomperstures., For examnls, installetion
of the suncrcharger would increase the uasiul lo d at
teke=-off from 2 1000-foot-high airnort st (5°F by 250 pounds,
or about 70 percent, even when a rather guveroug allowance

of 50 pounds is made for the weight of the sunercharger.

CONCLUDING RENARAS

The foregoing calculstions indicete thet incorvoretion
of superchergsd engsines in current heliconters msy be
exvpected to increase substantially the useful loesd at take=-
off from most airports in any but extremely cold weather.
The problem of develorlnv suitable supsrcharged engines
for helicopters appsars to warrant further consideration.

Langley Memorial Acronsutical Leboratory
Netionsl Advisory Cormittazs for Aeronautics
Langley Field, Ve.
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